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Abstract 

Background: Evidence for the carcinogenicity of sliift work in liumans is limited because of significant heterogeneity 
of the results, thus more in-depth research in needed. The Nightingale Study is a nationwide prospective cohort study 
on occupational exposures and risks of chronic diseases among female nurses and focuses on the potential association 
between shift work and risk of breast cancer. The study design, methods, and baseline characteristics of the cohort 
are described. 

Methods/Design: The source population for the cohort comprised 18 to 65 year old women who were registered 
as having completed training to be a nurse in the nationwide register for healthcare professionals in the Netherlands. 
Eligible women were invited to complete a web-based questionnaire including full job history, a detailed section on all 
domains of shift work (shift system, cumulative exposure, and shift intensity) and potential confounding factors, and an 
informed consent form for linkage with national (disease) registries. Women were also asked to donate toenail clippings 
as a source of DNA for genetic analyses. Between October 6, 201 1 and February 1, 2012, 31% of the 192,931 women 
who were invited to participate completed the questionnaire, yielding a sample size of 59,947 cohort members. The 
mean age of the participants was 46.9 year (standard deviation 1 1.0 years). Toenail clippings were provided by 23,439 
participants (39%). 

Discussion: Results from the Nightingale Study will contribute to the scientific evidence of potential shift work-related 
health risks among nurses and will help develop preventive measures and policy aimed at reducing these risks. 
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Background 

Nurses experience potential exposure to a wide variety 
of chemical, biological, physical, and psychosocial expo- 
sures in the course of their work. An association which 
has been extensively debated over the last decades is 
shift work and its potential hazardous effect on breast 
cancer risk. Shift work has also been related to numerous 
other health problems, among which are cardiovascular 
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disease, metabolic disorders, digestive troubles, fatigue, 
depression, anxiety and sleep problems [1,2]. Exposure 
to light-at-night was first suggested to contribute to 
the increased incidence of breast cancer around three 
decades ago [3,4]. Based on a literature overview, the 
International Agency for Research on Cancer (lARC) 
concluded in 2007 that in animals there was 'sufficient 
experimental evidence' for the carcinogenicity of light 
during the daily dark period but 'limited evidence' for the 
carcinogenicity of shift work that involves night work in 
humans, resulting in an overall classification that 'shift 
work that involves circadian disruption as 'probable car- 
cinogenic to humans (group 2A)' [5,6]. 
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There are several hypotheses about the biological 
mechanisms underlying the potential health effects of 
shift work. They include the suppression of melatonin 
secretion by light at night, circadian rhythm disruption 
(phase shift and desynchronization of clock genes), de- 
pression of immune function, decreased production of 
vitamin D, unhealthy lifestyle changes, and long-term 
sleep disruption and deprivation [7]. These effects could 
lead to direct and indirect changes in hormonal, im- 
munological, and metabolic parameters that may be 
related to the development of adverse health effects such 
as cancer. Melatonin has been shown to have indirect 
effects on the neuroendocrine reproductive axis and acts 
as a selective estrogen receptor modulator and a select- 
ive estrogen enzyme modulator [8]. Because of the ef- 
fects of melatonin on estrogen levels and the role of 
estrogens in the development of breast cancer, the most 
common malignancy among women worldwide [9], re- 
search on potential carcinogenic effects of shift work has 
focused on breast cancer risk. 

So far, 18 epidemiological papers have been published 
on the association between shift work and the risk of 
breast cancer (excluding studies among flight attendants) 
[10-27]. Recent reviews of this literature, by Bonde et al. 
[28], Kamdar et al. [29], Jia et al. [30], and Ijaz et al. [31] 
have provided littie more clarity on the potential associ- 
ation between shift work and breast cancer risk in humans 
than what was known at the time of the lARC report. 
Human evidence lags behind because of significant het- 
erogeneity of the results, most likely due to variations 
in study design, the lack of standardized definition and 
assessment of shift work, the retrospective character of 
the majority of the included studies, and lack or incom- 
plete adjustment for potentially important confounding 
factors and effect modifiers like reproductive factors, 
lifestyle but also genetics and chronotype. 

The term "shift work" has been widely used and gener- 
ally includes any arrangement of daily working hours 
other than the standard daylight hours (7/8 am - 5/6 pm) 
[6]. Night work, which can be conducted according to a 
permanent or a rotating schedule, is thought to have the 
most disruptive effects on the circadian rhythm [32]. In 
2010, night work was undertaken by 19% of European 
workers; 23% among men and 14% among women [33]. In 
this report, a night shift is defined as having to work for at 
least two hours between 10 pm and 5 am. With such a 
high prevalence of night work and its potential health ef- 
fects, a large part of the workforce may be at increased 
risk of several chronic diseases. More rigorous epidemio- 
logical research is needed to understand the specific risks 
associated with shift work involving night work and the 
underlying biological mechanisms, and to provide more 
specific and evidence-based recommendations on the pre- 
vention of diseases related to shift work. As a stepping 



stone for future studies, an I ARC working group has 
identified three major domains of shift work that should 
be captured in future studies: shift system, cumulative 
exposure, and shift intensity [34] . 

Here we present the rationale, design and methods of 
the Nightingale Study, a large Dutch prospective cohort 
study targeted at the investigation of associations between 
occupational exposures and risk of chronic diseases 
among female nurses with a focus on the assessment of 
the association between shift work and breast cancer risk. 
We hypothesize that an association between shift work 
and breast cancer risk may be attributed to specific do- 
mains and aspects of shift work and that individual factors 
like polymorphisms in certain circadian genes and chrono- 
type may modify the association between shift work and 
breast cancer. The Nightingale Study was amongst others 
set up to meet the recommendations of more in-depth re- 
search on the potential health effects of shift work. The 
study covers more details concerning shift systems than 
previous studies. In this paper, we also present baseline 
characteristics of our cohort and compare our study popu- 
lation to those of similar cohorts (i.e. the Nurses' Health 
Study I and II). 

Methods/Design 

Design and study population 

In 2010, the Netherlands Cancer Institute (NKI) and the 
Institute of Risk Assessment Sciences (IRAS) of the 
Utrecht University, initiated the here described Nightingale 
Study. The Nightingale Study is a prospective cohort study 
aimed at the investigation of associations between occupa- 
tional exposures and risk of chronic diseases. The primary 
aim is to study the potential association between shift work 
and risk of breast cancer. Other hormone-related cancers 
as well as other diseases such as cardiovascular and neuro- 
degenerative diseases and their associations with nurses' 
occupational and lifestyle exposures will also be investi- 
gated prospectively. Approval of the study procedures was 
obtained from the Institutional Review Board of the NKI. 
Eligible women were invited to complete a web-based 
questionnaire and an informed consent form (see sections 
on informed consent form and questionnaire for details). 
In addition, women were asked to donate toenail clippings 
(i.e. clippings of at least three nails) as a source of DNA for 
future analyses of genetic polymorphisms that may modify 
the associations between shift work and disease risks. 

The nationwide register for healthcare professionals in 
the Netherlands (BIG-register) gave us permission to use 
the registry to contact all female (ex-)nurses. The BIG- 
register is based on individuals who obtained a relevant 
diploma, i.e. a nursing degree in our study, and who are 
then able to use the legally protected professional title 
as long as they fulfill requirements for regular training 
[35]. The BIG-register includes women who are currently 
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employed as a nurse as well as women who changed ca- 
reers and those who retired. Addresses and vital stats are 
kept up to date by automated linkage with the Municipal 
Personal Records Database. The BIG-register has an esti- 
mated inclusion rate of at least 95% among those who 
obtained a nursing degree. The source population for the 
Nightingale Study cohort comprised of 193,029 18 to 
65 year old female BIG -registered nurses with a residential 
address in the Netherlands who met these inclusion cri- 
teria on July 28, 2011. The recruitment of participants for 
the Nightingale Study took place between October 6, 2011 
and February 1, 2012. Of the selected women, 98 died be- 
tween July 28 and October 6, 2011. Thus, in total, 192,931 
women were eligible and invited to participate in the 
Nightingale Study. 

Pilot study 

Prior to the main launch, we conducted a pilot study in 
which we investigated participation rates using two dif- 
ferent data collection strategies: an online-only and a 
mixed-mode strategy (i.e. offering a web-based question- 
naire at the initial invitation and a paper questionnaire 
along with the reminder letter), and the effect of a 
reminder letter. Four groups of 200 women each were 
randomly selected from the registry: 1) online-only, 18- 
39 years, 2) online-only, 40-59 years, 3) mixed-mode, 
18-39 years, 4) mixed-mode, 40-59 years. Groups 1 and 

2 received an invitation letter containing a username and a 
password to complete the study questionnaire online. 
Upon no response, a reminder letter, again containing a 
username and password, was sent after four weeks. Groups 

3 and 4 received an invitation letter containing a username 
and a password together with the option to request, 
through a reply form, a paper-based version of the ques- 
tionnaire. Upon no response, a reminder letter, containing 
the login codes but also a paper-based questionnaire, was 
sent after four weeks. The participation rates were 14%, 
14%, 11%, and 22% for groups 1, 2, 3, and 4, respectively. 
The overall participation rate was 16%: 9% after the initial 
invitation and 7% after the reminder. The participation rate 
of both strategies was similar, although adding a paper- 
based questionnaire along with the reminder led to more 
responders in the older age group (participation rate 22%), 
even though a similar proportion of this group versus 
group 3 responded online (62% and 52% in the younger 
and older age groups, respectively, p = 0.604). 

An evaluation survey among the non-responders in 
the pilot study resulted in several recommendations for 
improving our study materials, e.g. adaptation of the order 
of some items, improvement of phrasing and layout. 

E-cohort study 

The result of the pilot study was one of the reasons to opt 
for the online-only strategy in the main launch, which is 



less time and money consuming. Other reasons were that 
in an online procedure data can be checked during com- 
pletion (i.e. participants are directed automatically to ap- 
plicable questions and they are notified of potential errors, 
e.g. having entered text in a numeric field) which results 
in higher quality of the data, no need for data entry and 
less data cleaning afterwards. We designed the online 
system to enable participants to save what they already 
completed and log off to log in again later to continue 
questionnaire completion. To ensure an adequate level of 
protection of the data (i.e. to prevent other individuals 
from accessing the participants' data by using the login 
codes only) we implemented a verification system at the 
login site (i.e. ask zip code and date of birth after having 
paused). Upon completion, participants could save their 
informed consent form and answers in the questionnaire 
for their own purposes. One of the unique features of the 
online questionnaire system was a lifeline-graph (i.e. a line 
from birth to date of questionnaire completion) on which 
life events were depicted in the order of time during ques- 
tionnaire completion as a memory aid. Examples of items 
that were depicted on the lifeline-graph were jobs and 
births of children. 

Recruitment 

Just before the start of recruitment we launched a na- 
tionwide mass media campaign to publicize the study 
(i.e. we distributed a press release which resulted in arti- 
cles in at least 10 newspapers and magazines, three inter- 
views on national radio and an item in a primetime 
television news program). Furthermore, the study was 
actively supported and promoted by the Dutch Nurses' 
Association (V&VN) and similar nursing organizations, 
associations, and magazines. Our study website (http:// 
www.nightingale-studie.nl) was primarily developed as 
the gateway to the study questionnaire but was also de- 
signed to increase the participation rate and to provide 
background information on the why and how of the 
Nightingale Study to women who were invited to partici- 
pate in the study and to the general public. 

To guarantee the anonymity of registered individuals, 
the BIG-register forwarded our invitation letter, includ- 
ing a username (study ID) and password, to participate 
in the Nightingale Study to eligible women by regular 
mail. The BIG-register added a separate letter including 
the name and address of the individual and was signed 
by the head of the BIG-register to promote participation. 
The BIG-register kept a file with the link between the 
study IDs and the names and addresses; this file was 
destroyed after the recruitment period had ended. The 
study was presented as a study on health among nurses, 
covering occupational history, lifestyle, and environment. 
The invitation study pack consisted of the letter from the 
BIG-register, our invitation letter, a full color information 
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leaflet including contact information for inquiries, a step- 
by-step plan on how to participate, a mini zip lock bag for 
toenail clippings, and a reply envelope (free of charge). 
Upon no response, a reminder letter, again through the 
BIG-register, was sent after five weeks. Both the invitation 
and reminder letter contained an URL link and the study 
ID and password to access the web-based questionnaire 
and informed consent form through the study website (i.e. 
www.nightingale-studie.nl). Women who wanted to par- 
ticipate in the study on genetic susceptibility were asked 
to put their toenail clippings in the mini zip lock bag, 
labelled with a barcode sticker with their study ID, and 
return the sample in the reply envelope. Women who 
wanted to decline participation could do so through the 
study website (i.e. decline form), through e-mail or tele- 
phone. The response rate was defined as the percentage 
of invitations that resulted in a response. A response 
could be a decline, complete participation (i.e. informed 
consent and at least half of the questionnaire completed 
including the section on occupational history and expo- 
sures and main confounding factors), or incomplete par- 
ticipation (i.e. informed consent yet less than half of the 
questionnaire completed). The participation rate was 
defined as the percentage of invitations that resulted in 
complete participation. 

A number of eligible women did not receive the invita- 
tion letter because it was lost during the mailing process 
(number unknown; national estimate of lost mail is 
about 1%), because the mail was returned undeliverable 
(n = 960, <1%) or because women were lost to follow-up 
by the BIG-register due to emigration or unsuccessful 
linkage to Municipal Personal Records Database due 
to missing personal data (estimated n« 3,000, ~l.5%). 
Therefore, we developed a self-registration system on the 
study website to give these women the opportunity to 
sign up for the study themselves. The self-registration 
system was designed in a way that only women with 
a BIG-register number or women who had a nursing 
degree could sign up. 

Response and participation rates 

Table 1 shows the response and participation rates at 
baseline of women eligible for the Nightingale Study 
(N = 192,931). The response rate was 40% (N = 79,932), 
including two percent declining participation and seven 
percent who started participation but did not complete 
the study questionnaire. For 960 women the mail was 
returned undeliverable. The overall participation rate was 
31% and was somewhat higher among older women than 
among younger women (36% and 29% for 40-65 year 
olds and 18-40 year olds, respectively, P < 0.001). The 
participation rate before the reminder was 17%. Among 
the 59,947 participants, 23,439 (39%) returned toenafl 
clippings. 



Table 1 Response and participation rate in the 



Nightingale Study 


N (%) 


Eligible and invited 


192,931 


Response received (responders) 


76,932 (40%) 


No response received 


1 1 5,039 (60%) 


Lost to follow-up (mail returned undeliverable) 


960 (<1%) 


Responders 




Declined participation 


3,526 (2%) 


Questionnaire completed^ (participants) 


59,947 (31%)*^ 


Incomplete questionnaire^ 


1 3,459 (7%) 


Participants 




Questionnaire only 


36,508 (61%) 


Questionnaire and toenail sample 


23,439 (39%) 



'^Includes 4,889 women who filled in at least half of the questionnaire (i.e. the 
most important part on occupational and other risk factors) but did not complete 
the entire questionnaire. 

''Includes 179 women who participated through the self-registration system. 
"^Women who did completed less than half of the questionnaire. 



Informed consent form 

To register for the main study women had to complete a 
web-based informed consent form prior to filling in the 
questionnaire. This included consent for 1) prospective 
follow-up on disease occurrence, death, and cause of 
death through record linkage with national (disease) 
registries like the Netherlands Cancer Registry (NCR) 
[36], the National Pathology Database (PALGA) [37], 
Statistics Netherlands (CBS), and the Central Bureau for 
Genealogy (CBG), 2) medical record review, 3) the use of 
toenail clippings for DNA- analyses (e.g. breast cancer sus- 
ceptibility, radiation sensitivity, and clock genes) if they 
had returned those, 4) follow-up questionnaire invitation, 
and 5) (inter) national data pooling (anonymous). On the 
informed consent form, participants completed their per- 
sonal information, indicated if they wanted to receive the 
yearly study newsletter through e-mail, and signed the 
form electronically. After having signed the informed con- 
sent form and before they started filling out the study 
questionnaire, participants were asked if they also wanted 
to participate in a substudy on the use of mobile phones 
and health [38]. 

Study questionnaire 

The questionnaire was developed based on our previous 
experience with breast cancer risk factor and occu- 
pational exposure questionnaires, and adapted and im- 
proved to the Nightingale Study setting and population 
after extensive pre-testing of in particular the shift work 
section as described below. The questionnaire was de- 
signed to cover a variety of exposures on the job and 
during private life with a primary focus on risk factors 
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for cancer, cardiovascular and neurodegenerative dis- 
eases and potential confounding factors. Items that were 
included in the questionnaire are listed in Table 2. 

Lifetime occupational history (i.e. history of jobs con- 
ducted for at least 6 months) was asked backwards (i.e. 
we first asked about the current job and then about pre- 
vious jobs). During the completion of the job history, 
jobs that the participant had already filled in were listed 
on top of the page to remind the participant which jobs 
she had already reported. Shift work and other occupa- 
tional exposures were linked to individual jobs listed in 
the occupational history section. 

The shift work section of the questionnaire was devel- 
oped to capture the major domains of shift work as 
listed by the lARC working group. These include shift 
system (e.g. start and stop time of shift, rotating or 
permanent, and speed and direction of a rotating sys- 
tem), years on a particular non-day shift schedule and 
cumulative exposure to the shift system over the sub- 
ject's working life, and shift intensity (i.e. time off 
between successive work days on the shift schedule) 
[34]. The shift work section of the questionnaire was 
improved after pre-testing through 1) evaluation in a 
focus group among three nurses of the NKI and 2) com- 
pletion of the questionnaire by volunteers including 
nurses (n = 20 in three rounds). The minimum fre- 
quency and duration for all shift work types was hav- 
ing worked at least one shift (i.e. one evening or night 
or early morning) per month for at least 6 months. 
Participants could also indicate if they had worked day 
shifts only or if they had worked shifts for less than 
6 months or less than 1 shift per month. Details on which 
shift work variables were included in our questionnaire 
are given in Table 2. For all these variables we collected 
calendar year-specific information to calculate cumula- 
tive exposure to certain shift systems over a subject's 
working life. 

Baseline characteristics of participants 

The mean age of participants at cohort entry was 
46.9 years (SD 11.0 years). Participants were on average 
2.3 years older than those who did not respond to our 
invitation (n = 115,039, mean 44.6 years, SD 11.0 years, 
P < 0.001). The median self-reported duration of ques- 
tionnaire completion was 60 minutes (IQR 45-90). 
Table 3 shows the baseline socio-demographic charac- 
teristics of the Nightingale Study participants. The major- 
ity of participants was of Dutch origin (96%), married or 
in a de facto relationship (80%), and employed (86%). Edu- 
cational level was equally distributed between a medium 
(i.e. intermediate vocational education, 53%) and a high 
level (i.e. >college, 47%) of education. In total, 2,009 partici- 
pants (3.6%) reported to have had breast cancer (includes 
both in situ and invasive breast cancer). 



Night work 

Eighty percent of participants indicated to have ever 
worked night shifts (i.e. >1 night/month for at least six 
months; not including educational period). Of those, 
65% provided detailed information on different aspects 
of their night shift work. There were small but statisti- 
cally significant differences in age and educational level 
between those who did provide detailed information on 
night shift work and those who did not (mean age differ- 
ence 1.1 year, p < 0.01; proportion providing details was 
64%, 66%, and 67% for low, medium and high level of 
education, respectively, p < 0.01). Among 31,265 partici- 
pants who indicated to have ever worked nights and 
who provided period-specific information, the mean life- 
time duration of night shift work was 11.9 years (SD 
8.4 years); 20% had worked at least 1 night per month 
for 20 years or more. The mean cumulative number of 
nights worked lifetime was 782.9 (SD 772.1). Almost 
one-third (27%) of the night shift workers had worked 
1,000 nights or more during their entire life. Over all 
calendar years, the mean number of nights per month 
was 5.4 (SD 2.9). Figure 1 shows that the mean number 
of nights worked per month decreased from 6.9 in the 
sixties to 4.5 nowadays. Similarly, the mean number of 
consecutive nights worked decreased from 7.2 in the 
sixties to 4.3 nowadays. We observed that there was a 
downward trend with increasing age as well (data not 
shown). This decrease may reflect changes in policy and 
regulation of shift work but also labor market changes 
(e.g. changes in the proportion of women in part-time 
jobs). The proportion of women working in shift work 
schedules that are variable (and thus not fixed) was 77% 
among those working nights at cohort entry; this pro- 
portion did not change much over the years (data not 
shown). In contrast, the proportion of women work- 
ing night shifts on a voluntary basis (i.e. able to self- 
schedule, indicate preferences, and swap night shifts 
with colleagues) has increased from 16% in the sixties to 
43% nowadays. The proportions of participants who indi- 
cated to have ever worked evening shifts and sleep shifts 
were 89% and 21%, respectively. 

Self-reported chronotype was distributed as follows: 
12% of participants were a definite morning type, 23% 
were a probable morning type, 25% indicated to have no 
preference, 22% were a probable evening type, 11% were 
a definite evening type, and the rest did not know (1%) 
or the item was missing (7%). 

Other occupational exposures 

Besides shift work, the study questionnaire also covered 
other potential occupational exposures. Figure 2 depicts 
the frequencies of self-reported occupational exposures at 
baseline. The majority (75%) indicated to have ever worked 
with antibiotics for at least six months. Approximately 
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Table 2 Topics and items included in the Nightingale Study baseline questionnair 

Topics Items 



Socio-demographics 
Reproductive liistory 

Education 

Occupational liistory 
Sliift work 



Occupational exposures 



Lifestyle 



Date of birth, birth country of participant and her parents, marital status, current employment status 

Ever pregnant, pregnancies of at least 24 weeks (for each birth: date, gender, vital status at birth, duration 
of pregnancy in weeks and breastfeeding in months), number of pregnancies less than 24 weeks, infertility, 
age at menarche, age at menopause (no menstruation in the last 12 months and reason it stopped) 

Nursing and other degrees, and for each degree year of graduation 

For each job conducted for at least six month: job type (caregiver, nurse (sector specified) or other (type 
and sector specified)), start and stop year, hours per week, physical load (sedentary, standing/walking, heavy) 

- Total number of years working night shifts during educational period (start and stop year) 

- For each job listed: ever/never conducted early morning shifts, evening shifts, night shifts and sleep 
shifts^ for at least six months 

- By job and shift type: number of shifts per month, number of shifts in a row, start and stop time of shift, 
rotation type (forward or backward rotating, variable, permanent), number of years (start and stop year), 
shifts on voluntary basis. Additional item for sleep shifts: proportion worked and slept If women indicated 
that shift characteristics differed within a job, women were asked to complete these items for each period 

- For the most recent night work period the following items were reported: sleeping habits between 2 
successive nights worked (hours, difficulty with falling and staying asleep, use of medication or other 
substances to sleep, light and sound circumstances at in the bedroom), time spent outdoors between 2 
successive nights worked, light circumstances at work during the biological night, diet, timing of warm 
meal, regularity of eating and sleeping, activity after the last night worked, method of switching back to 
normal day-night rhythm, shift work adaptability compared to peers. 

For each job listed: ever/never worked with X-ray examinations, fluoroscopic examinations, radiotherapy, 
MRI, artificial optical radiation, ultrasound equipment, dielectric heating, and/or industrial sewing machines, 
or near (i.e. within 5 meters) product/person detection gates, transmission installations, subway/train tracks, 
high-voltage network like power lines, and/or radar installations 

Current height, body weight (birth weight, current weight, weight at age 18, weight at ages 20-29, 
30-39, 40-49, 50-59, 60-65), physical activity (walking/cycling and sport activity before age 18, sports 
activity at ages 20-29, 30-39, 40-49, 50-59, 60-65, and walking, cycling, sporting, gardening, 
do-it-yourself housekeeping in the past summer and winter), time spend outdoors in the past summer 
and winter, smoking (ever, current, age at start, total duration, and number of cigarettes), alcohol 
consumption (ever, age at start, number of units in the past year and at ages 20-29, 30-39, 40-49, 
50-59, 60-65), and dietary pattern and regularity of eating and sleeping 

Past and current mobile phone use, hands free use, preferred side of the head during mobile phone 
use supplemented by information on current and prospective use obtained from the network operators, 
h addition, past and current cordless phone use [38]. 

Lifetime residential history (i.e. place of residence in the Netherlands), for the assessment of 
environmental exposures. 

MOS sleep scale, light and sound circumstances in the bedroom, chronotype 

Period-specific information on disruptions of sleep because of personal circumstances (e.g. young 
children, social engagements). Items include start and stopping ages, mean number of nights per 
week disrupted, and number of hours awake during those nights 

General health assessment (1 item of SF12) and items on headaches (Headache impact test, ID-migraine), 
hearing, tinnitus; cancer, benign lesions, cardiovascular diseases, neurodegenerative diseases, and 
metabolic disorders (ever diagnosed and age at diagnosis), and surgeries 

Period-specific information on use of hormonal contraceptives, hormone replacement therapy, hormones 
for IVF treatment, and on prescribed drugs like aspirin, medication for heart diseases, sleeping pills, diabetes 
medications, antidepressants, immunomodulators, and medications for Parkinson's' disease and asthma 

Items on multivitamins, vitamin D, and calcium: ever/never, age at first use, age at last use, number 
of years use in total. For melatonin period-specific information was reported: start- en stopping ages 
and whether the use was daily or only during periods of circadian disruption 

Number of fluoroscopies, chest X-rays, coronary angiogram/angioplasty, CT-scans, diagnostics involving 
radioisotopes, and mammograms for age categories <20, 20-30, and after age 30; radiotherapy 
(age and location) 

For mother, father, brothers, sisters, and children: diabetes, Parkinson's' disease, dementia, stroke, myocardial 
infarct, asthma, hay fever, and cancer of the lung, breast, prostate, ovary, uterus, colon/rectum. For 
grandmothers and aunts: breast cancer, ovarian cancer, and uterus cancer 

''Early morning shift: starting between 5.00 am and 6.59 am; evening shift: having worked at least one hour after 7.00 pm and with the shift ending no later than 
midnight; night shift: having worked at least one hour between midnight and 5.00 am; sleep shift (including weekend and on call shifts): having slept at work and 
woken up to work whenever necessary. 



Lifetime mobile phone use 

Residential history 

Current sleeping habits 

'Night shifts' that is not work-related 

Current health and Medical history 

Prescribed drugs 

Use of dietary supplements 



Diagnostic and therapeutic radiation 
exposures 

Family history of diseases 
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Table 3 Baseline soclo-demographic characteristics of 
59,947 participants 

Characteristic N {%f 
Age at cohort entry 

1 8-25 year 3,070 (5%) 

26-35 year 8,351 (14%) 

36-45 year 12,858 (21%) 

46-55 year 22,139 (37%) 

56-65 year 1 3,529 (23%) 
Country of birth 

Netherlands 57,701 (96%) 

Born elsewhere 2,136(4%)) 
Top-5 country of birth when born elsewhere:'' 

Former Dutch East Indies (Indonesia) 313 (15%) 

Germany 269 (13%) 

Suriname 266(13%) 

Belgium 196 (9%o) 
Antilles (Aruba, Bonaire, Curacao, St. Marten, St. Eustatius) 143 (7%o) 

IVIarried or living together as married 48,258 (81%)) 

Highest educational qualification 

Intermediate vocational education/community college) 31,593 (53%) 

Higher vocational/professional education/college/ 22,131 (37%) 
university of applied science) 

University or higher 6,223 (10%)) 
Employment status (most applicable) 

Employed/self-employed 51,401 (86%) 

Home duties/caregiver/volunteer 3,348 (6%)) 

Unemployed (but able to work) 438 (<1%) 

Retired 2,539 (4%) 

Unable to work 1,663 (3%) 

Studying 456 (<1%)) 

IVIonthly income estimate*^ 

Low 799 (2%) 

Medium 43,197 (81%) 

High 9,117(17%) 

^Numbers do not always add up to 100% due to missing values, 
"^he Dutch East Indies, Suriname and the Antilles were all Dutch colonies, 
"^based on linkage individual zip codes with income data of Statistics 
Netherlands; for each individual the allocated income is the average income in 
December 2008 in the individuals' zipcode area (PC6); in December 2008 the 
cut off value for having a low income was based on 40% of people with 
lowest income) and that for a high income was based on 20% of people with 
highest income. Source: CBS Kerncijfers postcodegebieden 2008-2019, www. 
cbc.nl. 



one-quarter of participants had worked with antineo- 
plastic drugs (27%), routine X-rays (26%), or ultrasound 
(23%). The frequencies of the other occupational exposures 
ranged from 2% for radiotherapy to 10% for anaesthetic 
gases. 
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Figure 1 Mean number of night shifts per month and number 
of consecutive night shifts by calendar period (1960-201 1). 

Legend: red dots indicate the number of nights worked per month; 
blue squares indicate the number of consecutive nights worked. 



Statistical analyses 

Information on (breast) cancer diagnoses will be ob- 
tained prospectively from the NCR, which has cancer 
diagnoses complete until two years prior to linkage, and 
PALGA, which has cancer diagnosis complete until two 
weeks prior to linkage. Information on tumor subtypes 
will be retrieved from the NCR. Vital status and primary 
and secondary causes of death will be obtained from 
CBS and CBG. We wiU closely examine the characteristics 




Figure 2 Frequency of self-reported other occupational exposures 
among 59,947 Nightingale Study participants. Legend: Dark part of 
bar indicates the proportion of participants who answered 'yes' to the 

following question 'Have you ever worked with regularly for at 

least 6 months? 
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of those who reported to have never been engaged in shift 
work while indicating to have worked as a nurse. Shift 
work conducted during the years of nursing school was 
not collected in detail and only the total number of years 
of having conducted shift work during the educational 
period was ascertained. Statistical methods standard for 
the analysis of prospective cohort studies will be used. For 
example, the association between shift work and the risk of 
(breast) cancer will be evaluated using Cox proportional 
hazards regression with age as the time scale. For the inci- 
dent breast cancer analyses, breast cancer cases prevalent 
at baseline will be excluded. Based on age-specific breast 
cancer risks [39], we expect 589 incident cases of breast 
cancer among participants unaffected at baseline in the 
first 5 years of follow-up. With a probability of disease at 
baseline of 1%, we will have 80% power to detect a relative 
risk of 1.36 for the highest versus the lowest level of expos- 
ure with five levels of exposure (e.g. duration of night work 
in five categories, see Table 4). 

In the present paper, basic descriptive statistics were 
used, focusing on night shifts. Categorical variables were 
reported as frequencies and continuous variables as the 
mean (standard deviation, SD) or median (interquartile 
range, IQR). Differences between groups were assessed 
with a chi-square or t-test. 

Discussion 

Main findings 

To our knowledge, the Nightingale Study is the first pro- 
spective cohort study on shift work and breast cancer 
risk in which at baseline detailed data were collected on 
all domains of shift work, as defined in the international 
consensus paper by Stevens et al. [34]. Given the large 
size of the cohort (N = 59,947) and its wealth of data the 
cohort is well poised to investigate the possible associa- 
tions between occupational risk factors, in particular 
shift work, and chronic diseases, in particular cancer. 
Moreover, an important feature of our study is the col- 
lection of toenail clippings for analyses on biological 
mechanisms involving the circadian clock (i.e. genetic 
effect modifiers). The Nightingale Study participants are 
heterogeneous in age and shift work history which en- 
ables us to study into great detail amongst others dose 
response relationships, combination variables of shift work 
domains (i.e. shift system, cumulative exposure, and shift 
intensity), and age and time lag/latency effects. 

Representativeness 

The participation rate in our study was 31%. With re- 
gard to age and educational level, our study population 
seems to be a representative sample of the total popula- 
tion of nurses in the Netherlands: the difference in age 
between participants and those who did not respond 
to our invitation was small and the proportion with a 



Table 4 Night shift work characteristics of 59,947 
Nightingale Study participants 

Night shift work characteristic N (%) 

Ever/never" 

Never 11,799 (20%) 

Ever 48,050 (80%) 
Total number of years worl^ed on night shifts'" 

1-4 years 5,695 (19%) 

5-9 years 9,349 (31%) 

10-14 years 6,103 (20%) 

15-19 years 3,612(12%) 

20-24 years 2,668 (9%) 

25-29 years 1 ,676 (6%) 

>30 years 1 ,395 (5%) 

Cumulative lifetime number of nights worked'' 

<250 nights 6,082 (23%) 

250-499 nights 6,026 (23%) 

500-749 nights 4,567 (17%) 

750-999 nights 2,977 (11%) 

>1 000 nights 7,093 (27%) 
Number of nights worked per month at cohort entry' 

1 night per month 653 (7%) 

2 nights per month 1,351 (14%) 

3 nights per month 1,945 (21%) 

4 nights per month 2,275 (24%) 
5-7 nights per month 1,993 (20%) 
>7 nights per month 1,223 (12%) 

Number of consecutive nights worked at cohort entry"^ 



1 night in a row 

2 nights 

3 nights 

4 nights 

5 nights 

6 nights 

7 nights 
>7 nights in a row 



n a row 
n a row 
n a row 
n a row 
n a row 
n a row 



625 (7%) 
2,307 (25%) 
3,092 (33%) 
2,209 (24%) 
637 (7%) 
209 (2%) 
262 (3%) 
20 (<1%) 



Type and direction of shift system at cohort entry*^ 

Permanent 690 (7%) 

Forward rotating 1,323 (14%) 

Backward rotating 27 (<1%) 

Variable 7,287 (77%) 

Don't know/missing 85 (1%) 

''Ever night shift work was defined as having worked at least one hour 
between midnight and 5 am for at least one night per month. 
^Among 31,265 participants who ever worked night shifts and provided 
detailed information. 

'^Among 9,889 participants who worked nights at cohort entry (i.e. in 2011) 
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higher versus a lower educational qualification in our 
study (i.e. 53% intermediate vocational education and 
47% higher vocational education or higher, see Table 3) 
was slightly higher but similar to what was reported in 
2009 by van der Windt et al. on the Dutch nursing 
population (i.e. 60% and 40%, respectively) [40]. The 
number of prevalent breast cancer cases (n = 2,009, 3%) 
was somewhat higher than expected based on the 10- 
year point-prevalence on January I''', 2010 (0,9% [41]) 
indicating a possible overrepresentation of breast cancer 
cases. However, these prevalent cases prevalent at base- 
line will be excluded for the incident case analyses. Se- 
lection bias based on non-response is not an issue in 
prospective cohort studies because the exposure was 
assessed before the outcome of interest occurs. 

Comparison with other prospective cohort studies among 
female nurses 

So far, 18 epidemiological papers have been published 
on the association between shift work and the risk of 
breast cancer (excluding studies among flight attendants 
because of co-linear cosmic radiation exposure) [10-27]. 
Among those, two were prospective cohort studies in- 
volving female nurses, i.e. the Nurses' Health Study I 
and II (NHSI and NHSII) in the United States [21,22]. 
In Table 5, we present several characteristics of these 
two studies with regard to design and study populations 
for comparison with our study. We also depict the distri- 
bution of lifetime duration of working night shifts in our 
study population, categorized according to the classifica- 
tion as used in the NHS. 

In the NHSI, three mailings resulted in participation 
rate of 71% in 1976 among 30 to 55 year old female 
nurses [42]. Among those who completed the baseline 
study questionnaire, which did not include items on shift 
work, 85% completed the 1988 follow-up questionnaire 
containing a night shift work question [21]. In the 
NHSII, started in 1989, the participation rate was around 
24% after a single mailing [22]. In both the NHSI and 
NHSII, data were collected by means of a pre-printed 
study questionnaire. The age differences between partici- 
pants in the two cohorts (NHSI: mean age = 54.3 in 1988, 
NHSII: mean age = 34.3 in 1989) indicated that NHSI 
was primarily a postmenopausal cohort while NHSII in- 
cluded mostly premenopausal women [43]. In both the 
NHSI and NHSII, participants were classified as a night 
shift worker when they had worked rotating night shifts 
with at least three nights per month. Night shift work 
was conducted by 60% and 69% of the NHSI and NHSII 
women, respectively. The majority of NHS night shift 
workers (i.e. 88-91%) had worked night shifts for no more 
than 14 years. 

The distribution of Nightingale Study participants over 
the categories of night shift work as defined in the 



Nurses' Health Study I and II shows that the Nightingale 
cohort has relatively more ever night shift workers who 
worked also for a longer period of time in night shifts. The 
differences in night shift work duration between our study 
population and that of the NHSI and NHSII are likely due 
differences in the definition and threshold of night shift 
work used and the lack of data on permanent night shift 
work in the NHS. Moreover, the NHSI and NHSII were 
both conducted in another country, time period and in- 
cluded women with a different age range, although the age 
range of our study population covers the age range of 
NHSI and NHSII when taken together. 

Strengths and weaknesses 

The main strength of this cohort study of nurses is its 
large study population with a wide range of (levels of) 
both occupational and non-occupational (i.e. lifestyle 
and environmental) exposure(s), together with the ability 
to link with several registries with nationwide coverage 
to prospectively follow the participants regarding disease 
occurrence and cause of death. Another strength is the 
ability to approach almost all women aged 18 to 65 ever 
trained as nurses in the Netherlands through the cooper- 
ation of the nationwide register of healthcare profes- 
sionals. Furthermore, our baseline study questionnaire 
covered the major domains of shift work as defined by 
international consensus. The relatively low threshold for 
shift work (i.e. at least one night per month for six months) 
enables us to study many different levels of both intensity 
and duration of shift work and to conduct a comprehen- 
sive dose-response analysis. The inclusion of only one oc- 
cupational group enables us to study other exposures 
specific to nurses into great detail, although some nurse- 
related exposures may be correlated. Nurses were chosen 
because of the high prevalence of shift work and the focus 
of the study on breast cancer risk. Finally, we obtained data 
on a wide range of other (potential) risk factors and con- 
founders, and we collected toenail clippings for analyses on 
biological mechanisms involving the circadian clock (i.e. 
genetic effect modifiers). With regard to genetic differ- 
ences, we will analyze the DNA subtracted from toenails 
for genetic polymorphisms in circadian genes and mela- 
tonin metabolism genes. Circadian genes have been linked 
to both breast cancer risk [44-49], shift work adaptation 
[50,51], and chronotype [52,53]. Diurnal preference (i.e. 
chronotype) in itself has been reported to predict toler- 
ance to shift work [54] and to be related to melatonin 
level [55]. We hypothesize that individual factors like 
polymorphisms in certain circadian genes and chronotype 
may modify the association between shift work and breast 
cancer. There may be a natural selection of individuals 
with a good shift-work adaptability based on chronotype 
and/or genetic polymorphisms in circadian genes to do 
night shift work throughout their life while individuals 



Table 5 Comparison of night shift work characteristics of the Nurses' Health Study I and II to the Nightingale Study data 



Study (name, 
country) 


Participation rate baseline N baseline 
questionnaire (%) 


Mean age (range) 
at baseline 


Follow-up period and 
identification of incident 
breast cancer cases 


Night shift work definition 
and data collection 


Lifetime duration of having worked night 
shifts (in years) among women unaffected 
with breast cancer at baseline 


Years on Nurses' Health Nightingale 
rotating study Study data^ 
night shift 



Schernhammer 
etal. 2001 [21] 
(Nurses' Health 
Study I, USA) 



Baseline questionnaire in 
1976 had 71% response 
rate. 85% of those 
responded to the 6* 
biennial-mailed questionnaire 
in 1988 which included an 
item on night shift work 



1988: N=l 03,61 3 54.3 (43-67) 1 988-1 998; every two years, 

of which 85,197 years [43] cohort members receive a 

answered shift follow-up questionnaire with 

work question questions about diseases and 

of which 78,562 health-related topics; breast 

were unaffected cancer confirmed through 

with cancer medical records 



Ever having worked rotating 
nights shifts with at least three 
nights per month in addition 
to day or evening shifts in that 
month (answer in 8 prespecified 
categories: never, 1 -2, 3-5, 6-9, 
10-14, 15-19, 20-29, >30 yean); 
unclear whether night shift 
work was updated in biennial 
questionnaires after 1988 



Never 31,761(40%) 10,480(20%) 

Ever 46,801(60%) 43,116(80%) 

1-14 years 40,993 (88%)) 20,440(69%) 

15-29 years 4,426(9%) 7,612(26%) 

>30 years 1,382 (3%) 1,312(5%) 



Schernhammer 
et al. 2006 [22] 
(Nurses' Health 
Study II, USA) 



24%) (see http://www. 

channing.harvard.edu/nhs/ 

?page_id=70) 



1989: N= 11 6,671; 34.3 (25-43) 1 989-2001 ; every two years, 

116,087 (99.5%)) years [43] cohort members receive a 

answered night follow-up questionnaire with 

work items; questions about diseases and 

1 1 5,022 health-related topics; breast 

unaffected cancer confirmed through 

with cancer medical records 



Ever having worked rotating 
nights shifts wfth at least tliree 
nights per month in addition 
to day or evening shifts in that 
month (answer in 8 prespecified 
categories: never, 1-4, 5-9, 
10-14, 15-19, >20 montlis). Shift 
work information was updated 
in 1991, 1993, 1997, and 2001. 
In the 2001 questionnaire the 
night shift work item included 
rotating night shifts as before 
and permanent night shifts for 
6 or more months 



Never 35,153(31%) 10,480(20%) 

Ever 78,063 (69%)) 43,116(80%) 

1-9 years 70,773 (91%)) 14,569 (50%)) 

10-19 years 6,759 (9%) 9,338 (32%) 

>20 years 531 (<1%)) 5,457 (18%) 



^The definition of night work in the Nightingale Study was: ever having worked permanent or rotating night shifts with at least one night per month for at least six months. 
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who report intolerance for night work at some point quit; 
these two groups may differ in breast cancer risk. The first 
study to investigate effect modification by polymorphisms 
in circadian genes in the association between shift work 
and breast cancer risk was recently published by Monsees 
et al. [56] The study, which was conducted within the 
NHSII, observed that women homozygous for the minor 
allele (AA) of NPAS2 Ala394Thr with >24 months of shift 
work had a 2.83-times higher breast cancer risk compared 
to homozygous AA women with <24 months of shift work 
(95% CI 1.47-5.56). The observed multiplicative associ- 
ation with breast cancer risk per minor allel (A) was 0.65 
(95% CI 0.51-0.82) among women with <24 months of 
shift work and 1.19 (95% CI 0.93-1.54) with >24 months. 
Two other studies observed mixed results [57,58]. 

Like in many observational studies, our data are in 
part based on self-reported information. The use of self- 
reported shift work data was inevitable because the shift 
work as reported by our study participants was conducted 
over many years and locations and employers generally 
did not archive schedules. Moreover, such schedules, 
which may be considered to be the golden standard, may 
even not reflect actual exposure because in many institu- 
tions nurses in practice often swap night shifts among 
themselves, often at the last minute. The prospective na- 
ture of our cohort study eliminates differential misclassifi- 
cation bias. Still, participants were asked to recall their 
lifetime shift work exposure at a mean age of 46.9 years, 
thus non-differential misclassification is likely. Whether 
non-differential misclassification leads to bias to the null 
depends on the extent of the misclassification. To our 
knowledge, no study on the accuracy of self-reported data 
on history of shift work has been conducted. To assess the 
reliability of self-reported shift work exposure in our 
study, we aim to include some of the shift work items 
from the baseline questionnaire in a follow-up question- 
naire and compare both self-reports. A second limitation 
of our study is that about one-third of the participants 
who indicated to have conducted shift work did not 
complete the detailed section on various aspect of shift 
work. We assume that perhaps questionnaire-fatigue or 
complexity of recall caused several participants to skip the 
detailed section as there were no large differences in char- 
acteristics like age and educational level between those 
who did and those did not complete it (data not shown). 
For this group of participants who did not complete the 
detailed shift work section we are able to derive type and 
duration from the occupational history section (i.e. for 
each job participants indicated if they had worked certain 
shifts) and by applying multiple imputation based on those 
participants who completed the detailed section. Finally, 
the fact that all Dutch nurses have to work nights during 
the years of education excludes the possibility to form a 
reference group of never exposed women. 



Challenges, experiences and recommendations 

The challenges encountered during the study are related 
to the study population and to the data collection proce- 
dures. For example, it was a challenge to include items 
on all domains of shift work as listed in the international 
consensus paper by Stevens et al. [34] and all potential 
confounding factors. Even among nurses there are large 
differences in types, frequencies and timing of shifts 
conducted and we needed to design the questionnaire 
to fit all potential scenarios. Our questionnaire became 
rather lengthy and we were criticized for that by the par- 
ticipants. We think that if we would have added more 
items on certain shift work related or other aspects, which 
we would have liked to do, for example on diet and stress, 
the questionnaire completion rate or data quality would 
have dropped significantly. 

Besides involving eligible women during the pre-test 
and pilot study, we recently established an advisory 
group consisting of eight participants to incorporate the 
participants' view on the design, procedures and follow-up 
of the study. We highly recommend to other researcher to 
involve potential participants and their perspectives before 
a study is initiated. The experience of the pre-test and 
pilot study has given us the opportunity to improve the 
approach of the study population and the wording and de- 
sign of the questionnaire and other study materials. We 
underestimated the time needed to develop the online sys- 
tem and all the features we wanted to implement. But the 
time invested has proven to be worthwhile as the partici- 
pants indicated to appreciate very much features like the 
lifeline-graph, the possibility to log off and log in again 
later, and the opportunity to download a PDF file of their 
informed consent form and questionnaire for their own 
use after completion. 

Other investigators planning to conduct large online 
prospective occupational cohort studies may encounter 
similar challenges as those encountered during this study. 
Our expertise as well as the way we addressed certain chal- 
lenges, described in this paper, will hopefully contribute to 
an optimal design and conduct of future studies on the 
potential health effects of shift work. 

Conclusion 

With the current high prevalence and unavoidability of 
night shift work and its potential health effects, a large 
number of people worldwide may be at increased risk 
of several chronic diseases. More rigorous research is 
needed to understand the specific risks associated with 
various domains of shift work involving night work and 
the underlying biological mechanisms, and to provide 
more specific and evidence-based recommendations on 
the prevention of diseases related to shift work. The 
extensive set of data acquired in the Nightingale Study 
will result in detailed knowledge regarding the potential 
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health effects of shift work and other occupational expo- 
sures in female nurses, particularly the effects of differ- 
ent domains of shift work, dose-response, and age at 
time of shift work. Previously conducted studies on the 
association between shift work and breast cancer risk 
have a number of methodological limitations which has 
contributed to the current gaps in knowledge on this 
topic. Compared to previous studies, the Nightingale Study 
has several strengths, listed above. Future plans include 
amongst others conducting single nucleotide polymorph- 
ism (SNP) analyses in a case-cohort study design and 
updating shift work and other risk factor data through 
follow-up questionnaires, and to study the effect of pre- 
and postdiagnostic shift work on breast cancer survival 
among breast cancer survivors. 

Collaborations 

We welcome collaborative research with the Nightingale 
Study data. For more information, please visit the 'for re- 
searchers' section on our website http://www.nightingale- 
studie.nl/Pages/for-researchers/. 

Abbreviations 

lARC: International Agency for Research on Cancer; NKI: Netherlands Cancer 
Institute; IRAS: Institute of Risk Assessment Sciences; BIG-register: nationwide 
register for healthcare professionals in the Netherlands; V&VN: Dutch Nurses' 
Association; NCR: Netherlands Cancer Registry; PALGA: National Pathology 
Database; CBS: Statistics Netherlands; CBG: Central Bureau for Genealogy; 
SD: Standard deviation; IQR; Interquartile range; NHS: Nurses' Health Study; 
SNP: Single nucleotide polymorphism. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

AP wrote the manuscript. AP, PS, CvP HK, FvL, RV, and IVIR contributed to 
the design of the study. AP and MR coordinated the study and were 
responsible for study logistics, patient recruitment, and data collection. AP, 
CvP, and MR conducted the analysis of the pilot study. AP conducted the 
analysis of the response and participation rates, and the analysis of the 
baseline socio-demographic characteristics. AP, FS, and MR conducted the 
analysis of the night shift work characteristics. AP, FvL, RV, and MR are principal 
investigators. HK, RV, and FvL were responsible for the funding of the study. All 
authors revised the manuscript critically for intellectual content and have given 
final approval of the final manuscript. 

Acl<nowledgements 

This study was financially supported by the ZonMw Programme Elearomagnetic 
Fields and Health (grants 8520001 and 85500003) and the Netherlands Cancer 
Institute. The funding body's did not have any role in the design, in the 
collection, analysis, and interpretation of data; in the writing of the 
manuscript; and in the decision to submit the manuscript for publication. 
We thank the participants of the Nightingale Study for their willingness to 
participate in this study; Danielle Cardozo and Bart de Haas of the 
department of Public Relations of the NKI for their support in media contact; 
the V&VN Dutch Nurses' Association for their declaration of support; the 
BIG-register for their collaboration; Manouk Nooij for her help in the registration 
of the toenail samples; Marta Lopez Yurda for her work on the linkage with 
Statistics Netherlands. 

Author details 

'Netherlands Cancer Institute, Department of Fpidemiology, Plesmanlaan 
121, 1066 CX Amsterdam, the Netherlands. ^Institute for Risk Assessment 
Sciences, Division of Environmental Epidemiology, Jenalaan 18d, 3584 CK 
Utrecht, Utrecht, the Netherlands. 



Received: 1 July 2013 Accepted: 5 December 2013 
Published: 29 January 2014 



References 

1. Harma M, Kecklund G: Shift work and health - how to proceed? Scand J 
Work Environ Health 2010, 36(2):81-84. 

2. Wang XS Armstrong ME, Cairns BJ, Key TJ, Travis RC: Shift work and chronic 
disease: the epidemiological evidence. Occup Med (Lond) 201 1, 61(2):78-89. 

3. Cohen M, Lippman M, Chabner B: Role of pineal gland in aetiology and 
treatment of breast cancer. Lancet 1978, 2(8094):814-816. 

4. Stevens RG: Electric power use and breast cancer: a hypothesis. Am J 
Epidemiol 1987, 125(4):556-561. 

5. Straif K, Baan R, Grosse Y, Secretan B, El Ghissassi F, Bouvard V, Altieri A, 
Benbrahim-Tallaa L, Cogliano V: Carcinogenicity of shift-work, painting, 
and fire-fighting. Lancet Oncol 2007, 8(1 2):1 065-1 066. 

6. International Agency for Research on Cancer: lARC Monograptis on the 
evaluation of Carcinogenic Risks to Humans. Volume 98 on Painting, 
Firefighting, and Shiftwork. Lyon, France: lARC Press; 2010. Ref Type: Report. 

7. Fritschi L, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T, Grundy A, 
Erren TC: Hypotheses for mechanisms linking shiftwork and cancer. Med 
Hypotheses 201 1, 77(3)430-436. 

8. Cos S, Gonzalez A, Martinez-Campa C, Mediavilla MD, Alonso-Gonzalez C, 
Sanchez-Barcelo EJ: Estrogen-signaling pathway: a link between breast 
cancer and melatonin oncostatic actions. Cancer Detect Prev 2006, 
30(2):1 18-128. 

9. Jemal A, Bray F, Center IVM, Ferlay J, Ward E, Forman D: Global cancer 
statistics. CA Cancer J Clin 201 1 , 61 (2):69-90. 

10. Davis S, Mirick DK, Stevens RG: Night shift work, light at night, and risk of 
breast cancer. J Natl Cancer Inst 2001, 93(20):1 557-1 562. 

1 1 . Hansen J: Increased breast cancer risk among women who work 
predominantly at night. Epidemiology 200] , 12(l):74-77. 

12. Hansen J, Lassen CF: Nested case-control study of night shift work and 
breast cancer risk among women in the Danish military. Occup Environ 
Med 2012 69(8):551-556 

13. Hansen J, Stevens RG: Case-control study of shift-work and breast cancer 
risk in Danish nurses: impact of shift systems, fur J Cancer 2012, 
48(11):1722-1729. 

14. Kjaer TK, Hansen J: Cancer incidence among large cohort of female 
Danish registered nurses. Scand J Work Environ Health 2009, 35(6):446-453. 

15. Lie JA, Roessink J, Kjaerheim K: Breast cancer and night work among 
Norwegian nurses. Cancer Causes Control 2006, 17(l):39-44. 

16. Lie JA, Kjuus H, Zienolddiny S, Haugen A, Stevens RG, Kjaerheim K: Night 
work and breast cancer risk among Norwegian nurses: assessment by 
different exposure metrics. Am J Epidemiol 201 1, 173(1 1):1 272-1 279. 

1 7. Menegaux F, Truong T, Anger A, Cordina-Duverger E, Lamkarkach F, Arveux P, 
Kerbrat P, Fevotte J, Guenel P: Night work and breast cancer: a population- 
based case-control study in France (the CECILE study), int J Cancer 201 3, 
132(4):924-931. 

18. O'Leary FS, Schoenfeld ER, Stevens RG, Kabat GC, Henderson K, Crimson R, 
Gammon MD, Leske IVC: Shift work, light at night, and breast cancer on 
Long Island New York. Am J Epidemiol 2006, 1 64(4):358-366. 

1 9. Pesch B, Harth V, Rabstein S, Baisch C, Schiffermann M, Pallapies D, Bonberg N, 
Heinze E Spickenheuer A, Justenhoven C, Brauch H, Hamann U, Ko Y, Straif K 
Bruning T: Night work and breast cancer - results from the German GENICA 
study. Scand J Work Environ Health 2010, 36(2):1 34-141. 

20. Pronk A Ji BT Shu XO, Xue S, Yang G, Li HL, Rothman N, Gao YT, Zheng W, 
Chow WH: Night-shift work and breast cancer risk in a cohort of Chinese 
women. Am J Epidemiol 2010, 171(9):953-959. 

21 . Schernhammer FS, Laden F, Speizer EE, Willett WC, Hunter DJ, Kawachi I, 
Colditz GA: Rotating night shifts and risk of breast cancer in women 
participating in the nurses' health study. J Nof/ Concer /nsf 2001, 
93(20):1 563-1 568. 

22. Schernhammer FS, Kroenke CH, Laden F, Hankinson SF: Night work and 
risk of breast cancer. Epidemiology 2006, 17(1):108-1 11. 

23. Schwartzbaum J, Ahlbom A, Feychting M: Cohort study of cancer risk 
among male and female shift workers. Scand J Work Environ Health 2007, 
33(5)336-343. 

24. Tynes T, Hannevik M, Andersen A, Vistnes Al, Haldorsen T: Incidence of 
breast cancer in Norwegian female radio and telegraph operators. 

Cancer Causes Control 1996, 7(2):1 97-204. 



Pijpe et al. BMC Cancer 2014, 14:47 Page 1 3 of 1 3 

http://www.biomedcentral.com/1471-2407/14/47 



25. Villeneuve S, Fevotte J, Anger A, Truong T, Lamkarkach F, Gaye 0, Kerbrat P, 
Arveux P, Miglianico L, Imbernon E, Guenel P: Breast cancer risk by 
occupation and industry: analysis of the CECILE study, a population- 
based case-control study in France. Am J !nd Med 201 1, 54(7):499-509. 

26. Knutsson A, Alfredsson L, Karlsson B, Akerstedt T, Fransson El, Westerholm P, 
Westerlund H: Breast cancer among shift workers: results of the WOLF 
longitudinal cohort study. Scand J Work Environ Health 201 3, 39(2):1 70-1 77. 

27. Grundy A, Richardson H, Burstyn I, Lohrisch C, Sengupta SK, Lai AS, Lee D, 
Spinelli JJ, Aronson KJ: Increased risk of breast cancer associated with 
long-term shift work in Canada. Occup Environ Med 2013, 70(1 2):831 -838. 

28. Bonde JP, Hansen J, Kolstad HA, Mikkelsen S, Olsen IH, Blask DE, Harma M, 
Kjuus H, de Koning HI, Olsen 1, Moller M, Schernhammer ES, Stevens RG, 
Akerstedt T: Work at night and breast cancer - report on evidence-based 
options for preventive actions. Scand J Work Environ Heaitli 2012, 
38(4):380-390. 

29 Kamdar BB, Tergas Al, Mateen Fl, Bhayani NH, Oh J: Night-shift work and 
risk of breast cancer a systematic review and meta-analysis. Breast Cancer 
ResJreat 2013 138(1):291-301. 

30. lia Y, Lu Y, Wu K, Lin Q, Shen W, Zhu M, Huang S, Chen J: Does night work 
increase the risk of breast cancer? A systematic review and meta- 
analysis of epidemiological studies. Cancer Epidemiol 2013, 37(3):1 97-206. 

31. Ijaz SI, Verbeek J, Seidler A, Lindbohm ML Ojajarvi A, Orsini N, Costa G, 
Neuvonen K: Night-shift work and breast cancer - a systematic review 
and meta-analysis. Scand J Work Environ Heaitli 201 3, 39(5):431 -447. 

32. Costa G, Haus E, Stevens R: Shift work and cancer - considerations on 
rationale, mechanisms, and epidemiology. Scand J Work Environ Heaitti 
2010, 36(2):163-179 

33. Eurofound: Fifth European Working Conditions Survey: Fifth European 
Working Conditions Survey. Luxembourg: Publications Office of the European 
Union; 2012. Ref Type: Report. 

34. Stevens RG, Hansen J, Costa G, Haus E, Kauppinen T, Aronson Kl, 
Castano-Vinyals G, Davis S, Frings-Dresen MH, Fritschi L, Kogevinas M, 
Kogi K, Lie JA, Lowden A, Peplonska B, Pesch B, Pukkala E, Schernhammer E, 
Travis RC, Vermeulen R, Zheng T, Cogliano V, Straif K: Considerations 
of circadian impact for defining 'shift work' in cancer studies: lARC 
Working Group Report. Occup Environ Med 2011, 68(2):154-162. 

35. Ministry of Health WaS: BIG-register (registration of healthcare professionals in 
the Netherlands), http://vwvw.bigregister.nl/en/ 2012. Ref Type: Electronic 
Citation. 

36. Comprehensive Cancer Centre of the Netherlands, www.iknl.nl. 201 2. Ref Type: 
Electronic Citation. 

37. Casparie IVl, Tiebosch AT, Burger G, Blauwgeers H, van de Pol A, van Krieken IH, 
Meijer GA: Pathology databanking and biobanking in The Netherlands, a 
central role for PALGA, the nationwide histopathology and cytopathology 
data network and archive. Cell Oncol 2007, 29(l):19-24. 

38. Schuz J, Elliott P, Auvinen A, Kromhout H, Poulsen AH, Johansen C, Olsen JH, 
Hillert L, Feychting IVl, Fremling K, Toledano M, Heinavaara S, Slottje P, 
Vermeulen R, Ahlbom A: An international prospective cohort study of mobile 
phone users and health (Cosmos): design considerations and enrolment. 
Cancer Epidemiol 201 1 , 35(1 ):37-43. 

39. Database of the Comprehensive Cancer Center of the Netherlands. http://www. 
cijfersoverkankernl/selecties/dataset_l /img50ab7090cc0e7. 20-1 1 -201 2. 

Ref Type: Bectronic Citation. 

40. van der Windt W, Smeets RCKH, Arnold BE: Regiomarge 2009: De arbeidsmarkt 
van verpleegkundigen, verzorgenden en sociaalagogen 2009-2013. 25-6-2009. 
Prismant Utrecht Ref Type: Report. 

41. National Public Health Compass (National institute of Public Health and the 
Environment), accessed online 31-01-2013. www.nationaalkompas.nl. 2013. 
Ref Type: Internet Communication. 

42. Belanger CF, Hennekens CH, Rosner B, Speizer FF: The nurses' health study. 
Am J Nurs 1978, 78(6):1 039-1 040. 

43. Baer HI, Hankinson SE, Tworoger SS: Body size in early life and risk of 
epithelial ovarian cancer: results from the Nurses' Health Studies. Br J 
Cancer 2008, 99(1 1):1916-1922. 

44. Zhu Y, Brown HN, Zhang Y, Stevens RG, Zheng T: Periods structural 
variation: a circadian biomarker associated with breast cancer in young 
women. Cancer Epidemiol Biomarkers Prev 2005, 14(l):268-270. 

45. Hoffman AE Yi CH, Zheng J, Stevens RG, Leaderer D, Zhang Y, Holford TR, 
Hansen J, Paulson J, Zhu Y: CLOCK in breast tumorigenesis: genetic, 
epigenetic, and transcriptional profiling analyses. Cancer Res 2010, 
70(4):1459-1468. 



46. Hoffman AE Zheng T Yi CH, Stevens RG, Ba Y, Zhang Y, Leaderer D, Holford T 
Hansen 1, Zhu Y: The core circadian gene Cryptochrome 2 influences breast 
cancer risk, possibly by mediating hormone signaling. Cancer Prev Res (Phila) 
2010,3(4):539-548. 

47. Zhu Y, Stevens RG, Leaderer D, Hoffman A, Holford J, Zhang Y, Brown HN, 
Zheng T: Non-synonymous polymorphisms in the circadian gene NPAS2 
and breast cancer risk. Breast Cancer Res Treat 2008, 107(3):421-425. 

48. Fu A, Leaderer D, Zheng T, Hoffman AE, Stevens RG, Zhu Y: Genetic and 
epigenetic associations of circadian gene TIMELESS and breast cancer 
risk. Mo/ Carcinog 2012, 51(12):923-929 

49. Dai H, Zhang L, Cao M, Song F, Zheng H, Zhu X, Wei Q, Zhang W, Chen K: 
The role of polymorphisms in circadian pathway genes in breast 
tumorigenesis. Breast Cancer Res Treat 201 1, 127(2):531-540. 

50. Reszka F, Peplonska B, Wieczorek E Sobala W, Bukowska A, Gromadzinska 1, 
Lie lA, Kjuus H, Wasowicz W: Rotating night shift work and polymorphism 
of genes important for the regulation of circadian rhythm. Scand J Work 
Environ Health 2013, 39(2):178-186. 

51 . Gamble KL, Motsinger-Reif AA, Hida A, Borsetti HM, Servick SV, Ciarleglio CM, 
Robbins S, Hicks J, Carver K Hamilton N, Wells N, Summar ML McMahon DC, 
Johnson CH: Shift work in nurses: contribution of phenotypes and genotypes 
to adaptation. PLoS One 201 1 , 6(4):el 8395. 

52. Johansson C, Willeit M, Smedh C, Ekholm J, Paunio T, Kieseppa T, 
Lichtermann D, Praschak-Rieder N, Neumeister A, Nilsson LG, Kasper S, 
Peltonen L, Adolfsson R, Schalling M, Partonen T: Circadian clock-related 
polymorphisms in seasonal affective disorder and their relevance to 
diurnal preference. Neuropsychopharmacoiogy 2003, 28(4):734-739. 

53. Archer SN, Robilliard DU Skene DJ, Smits M, Williams A, Arendt J, von Schantz M: 
A length polymorphism in the circadian clock gene Per3 is linked to delayed 
sleep phase syndrome and extreme diurnal preference. Sleep 2003, 
26(4):41 3-415. 

54. Griefahn B, Kunemund C, Golka K, Thier R, Degen G: Melatonin synthesis: a 
possible indicator of intolerance to shiftwork. Am J Ind Med 2002, 
42(5)427-436. 

55. Griefahn B: The validity of the temporal parameters of the daily rhythm 
of melatonin levels as an indicator of morningness. Chronobioi Int 2002, 
19(3):561-577. 

56. Monsees GM, Kraft P, Hankinson SE Hunter DJ, Schernhammer FS: 
Circadian genes and breast cancer susceptibility in rotating shift 
workers, int J Cancer 201 2, 1 31 (1 1 ):2547-2552. 

57. Zienolddiny S, Haugen A, Lie JA, Kjuus H, Haugen Anmarkrud K, Kjaerheim K 
Analysis of polymorphisms in the circadian-related genes and breast cancer 
risk in the Norwegian nurses working night shifts. Breast Cancer Res 2013, 
15(4):R53. 

58. Grundy A, Schuetz JM, Lai AS, Janoo-Gilani R, Leach S, Burstyn I, Richardson H, 
Brooks-Wilson A, Spinelli JJ, Aronson KJ: Shift work, circadian gene variants 
and risk of breast cancer. Cancer Epidemiol 201 3, 37(5):606-61 2. 



doi:1 0.1 1 86/1 471 -2407-1 4-47 

Cite this article as: Pijpe er ai: The Nightingale study: rationale, study 
design and baseline characteristics of a prospective cohort study on 
shift work and breast cancer risk among nurses. BMC Cancer 2014 14:47. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.blomedcentral.com/submit 



o 



BioMed Central 



